Background
==========

Laparoscopic aortobifemoral bypass (LABFB) for the treatment of advanced aortoiliac occlusive disease (AIOD) has become an established treatment option in dedicated centers.[@b1-vhrm-13-169] Intermittent claudication and reduced walking distance are often the main symptoms in patients with AIOD.[@b2-vhrm-13-169] Often the initial treatment, even for the advanced atherosclerotic lesions, is in the form of percutaneous transluminal angioplasty.[@b3-vhrm-13-169] However, in case of failure, surgical treatment with an aortobifemoral bypass (ABFB) remains an ultimate treatment option.[@b4-vhrm-13-169]--[@b7-vhrm-13-169]

The Health-Related Quality of Life (HRQL) after per-cutaneous transluminal angioplasty for the treatment of peripheral atherosclerotic disease has been shown to be better than after conventional surgery.[@b8-vhrm-13-169]--[@b10-vhrm-13-169] Although the patients' own evaluation of changes in health status is an increasingly important factor in the evaluation of a new treatment modality,[@b11-vhrm-13-169] the main focus in the published literature about the operative treatment of AIOD with LABFB has been the classical endpoints such as graft patency, morbidity and mortality.[@b4-vhrm-13-169],[@b6-vhrm-13-169],[@b7-vhrm-13-169],[@b12-vhrm-13-169] Little has been written in literature about the HRQL after LABFB.

The main aim of this study was to examine changes in HRQL, before and after LABFB, with the help of Short Form-36 (SF-36).[@b13-vhrm-13-169] In particular, we wished to identify the clinical variables that may have impact on the physical health domain of the SF-36 and on the summary scores.

Methods
=======

Between November 2005 and December 2011, patients with AIOD, classified as Trans-Atlantic Inter-Society Consensus (TASC) II, type D lesions, were treated with LABFB at the Oslo University Hospital and were eligible for inclusion in the study.[@b2-vhrm-13-169] The same group of patients also took part in a comparative cohort study for comparison of LABFB and open ABFB (OABFB).[@b1-vhrm-13-169] The main indication for surgery was debilitating intermittent claudication defined as maximum pain-free walking distance of \<200 m (Rutherford's category 3).[@b14-vhrm-13-169] Only patients not amenable to or with a previously unsuccessful endovascular treatment were selected for surgery. Patients with previous multiple abdominal surgery were not offered LABFB.

Written informed consent was obtained from all patients before the operation and for taking part in this study. The study was approved by the Regional Committee for Medical and Health Research Ethics North (registration number 2010/1953--1954) and was also registered at [ClinicalTrials.gov](http://ClinicalTrials.gov) (NCT01259908).

We utilized the SF-36 Health Survey, Norwegian Version 1.2 to assess the HRQL in all patients in this study.[@b13-vhrm-13-169] SF-36 is an extensively used generic HRQL tool.[@b13-vhrm-13-169],[@b15-vhrm-13-169]--[@b17-vhrm-13-169] SF-36 assesses eight different HRQL domains, including physical functioning (PF), role limitations due to physical problems (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role limitations due to emotional problems (RE) and mental health (MH). Scores for each dimension are converted to a scale of 0--100, where a higher score indicates a better HRQL. Summary score can be analyzed overall or divided into physical component score (PCS) and mental component score (MCS).[@b18-vhrm-13-169] SF-36 is translated into Norwegian language and has been validated for the Norwegian population.[@b19-vhrm-13-169] The SF-36 questionnaires were given to the patients before LABFB and postoperatively at 1, 3 and 6 months.

Patients' response to the SF-36 questionnaires was registered in the QualityMetric Health Outcomes Scoring Software 5.0 program. The scoring software was used to calculate the score for each of the eight domains in the SF-36, the PCS and MCS summary scores as well as for calculating divergent validity of the collected data. Descriptive data are presented as frequencies with proportions and as median with interquartile range. Internal consistency of the components of SF-36 domains was assessed using Cronbach's alpha.

Linear mixed-effect models were used to assess changes in HRQL over time. The PF, RP, BP, PCS and MCS were assessed as dependent factors. All models included fixed effect for time as the categorical variable. In addition, the variables age, gender, smoking, blood loss, operation time, concomitant operation, the American Society of Anesthesiologists (ASA) category, length of hospital stay, previous vascular procedure and aorta cross-clamping time were considered for inclusion. Variables with *P*\<0.2 in univariate analysis were included as fixed factors in the multivariate model. Then, the least significant variable was excluded, one at a time, until all remaining factors were statistically significant. In all models, a random intercept was included and the covariance structure was specified as first-order autoregressive, that is, correlations between the residuals fall off as the time between the measurements increases. No multicollinearity between the included factors was found. Interaction effects between time and the fixed factors were checked by including product terms, one at a time, into the models. No significant interactions were observed.

*P*-values \<0.05 were considered statistically significant. We used STATA 14.0 software statistical program (StataCorp LP, College Station, TX, USA).

Results
=======

Fifty patients with AIOD TASC II, type D lesions were included prospectively. All patients were in Rutherford's category 3, except two patients who were in Rutherford's category 5. All patients, except two with critical limb ischemia, underwent an initial conservative treatment period of at least 3 months, which included instruction about walking exercise and risk factor modification (smoking cessation, antiplatelets, statins, better treatment for diabetes mellitus and hypertension).[@b2-vhrm-13-169] Descriptive data are presented in [Table 1](#t1-vhrm-13-169){ref-type="table"}.

LABFB was completed in 43 (86%) patients. In seven patients (14%), the procedure was converted to an OABFB through a midline laparotomy and a transperitoneal approach to the infrarenal aorta. LABFB procedures were performed by a transabdominal, retrocolic and prerenal approach as described by Coggia et al.[@b4-vhrm-13-169] Only one (2%) patient died within 30 days after LABFB. The death was due to an acute myocardial infarction and the patient was in ASA category 3. The conventional results of LABFB in this study have previously been published in a comparative cohort study.[@b1-vhrm-13-169]

Before operation, 100% of the cases completed SF-36 questionnaires, and data could be obtained from 98% (n=49), 94% (n=44) and 80% (n=40) of the patients, respectively, at 1, 3 and 6 months postoperatively. Data completeness of the item questionnaires was 93% in the whole material. Items' internal consistency was 97% and discriminant validity was 98%. Reliability scale and homogeneity estimates for the eight domains showed high Cronbach's alpha for all of them, indicating a high degree of internal consistency ([Table 2](#t2-vhrm-13-169){ref-type="table"}).

[Figure 1](#f1-vhrm-13-169){ref-type="fig"} illustrates the observed SF-36 scores by domain at different time points in this study. We found statistically significant improvement in the scores of all SF-36 domains postoperatively, as compared to the preoperative scores. The improvement in postoperative HRQL was substantial already at 1 month, and this effect was maintained and still significant at 3 and 6 months as compared to the baseline.

The PCS summary scores showed significant improvement at all the postoperative survey time points as compared to the preoperative scores, whereas the MCS scores showed improvement only at 6 months ([Figure 1](#f1-vhrm-13-169){ref-type="fig"}).

In the mixed-effect models, univariate regression analysis showed statistically significant or a near-borderline significant negative effect of the following variables on one or more of the physical domains of the SF-36: blood loss, concomitant operations, length of hospital stay and ASA category 3. However, despite statistical significance, only concomitant operations had a substantial negative effect on the PF and RP scores (−10.9 points and −21.6 points, respectively). This negative effect of concomitant operations was also observed in the multivariate regression analysis (−9.6 points and −20.5 points for PF and RP, respectively; [Tables 3](#t3-vhrm-13-169){ref-type="table"}[](#t4-vhrm-13-169){ref-type="table"}--[5](#t5-vhrm-13-169){ref-type="table"}).

Although blood loss had a statistically significant negative effect on postoperative PF scores, its magnitude was not substantial.

In the multivariate regression analysis, only smokers had substantial and statistically significant higher PF and RF scores (8.5 points and 15.6 points, respectively; [Tables 3](#t3-vhrm-13-169){ref-type="table"} and [4](#t4-vhrm-13-169){ref-type="table"}).

In the multivariate regression analysis of the BP domain of SF-36, no clinical variables had significant impact on the scores ([Table 5](#t5-vhrm-13-169){ref-type="table"}).

When studying PCS, a positive impact of smoking and a negative impact of concomitant operation and blood loss were found ([Table 6](#t6-vhrm-13-169){ref-type="table"}).

In case of MCS, the univariate regression analysis showed that only the length of hospital stay had a statistically significant (*P*\<0.03) negative effect on the score, but its magnitude was not substantial (−0.3 points change per day; [Table 7](#t7-vhrm-13-169){ref-type="table"}). This impact of the length of hospital stay maintained its statistical significance (*P*\<0.046, 95% confidence interval −0.48, −0.01) in the multivariate regression analysis.

Discussion
==========

Although intermittent claudication is not an immediate limb-threatening condition, impairment in walking ability and the associated pain seems to result in a reduction of the patients' physical and mental well-being. This study shows a substantially lower HRQL among the patients with TASC II type D lesions. The main symptom among the patients with this advanced atherosclerotic disease in the aortoiliac segment is intermittent claudication. Patients with peripheral atherosclerotic disease have previously reported lower scores in the pain and physical domains, compared to the healthy controls.[@b16-vhrm-13-169] The baseline SF-36 scores in our patient cohort are also consistent with studies regarding the impact of intermittent claudication on the patients' perceived HRQL.[@b10-vhrm-13-169] Previously, reduction in the HRQL of patients with intermittent claudication was found to be comparable to that of patients with osteoarthritis or rheumatoid arthritis of the hip or knee joint or of patients with coronary artery disease.[@b8-vhrm-13-169],[@b20-vhrm-13-169],[@b21-vhrm-13-169]

Our study shows that the patients have statistically significant improvement in the HRQL, based on the substantial improvement in the postoperative scores for all the SF-36 domains. Since the main symptom among the patients in this study was intermittent claudication which is mainly a physical disability, we were particularly interested in finding the postoperative changes in the physical health domains of the SF-36, namely, PF, RP and BP. In addition, we aimed to estimate the changes in PCS and MCS. We found a substantial improvement in postoperative summary scores compared to the preoperative scores. After LABFB, the improvement in HRQL was maintained at 6-month follow-up, which also adds strength to the validity of the HRQL measurements performed in this study with the help of SF-36.

The results of multivariate regression analysis reveal that combining surgical procedures can have a detrimental effect on the postoperative HRQL. Previously, studies have shown increased morbidity and mortality related to concomitant procedures with open or endovascular repair of abdominal aorta.[@b22-vhrm-13-169],[@b23-vhrm-13-169] However, in patients with advanced atherosclerotic disease, it is sometimes necessary to perform additional procedures, for example, thromboendarterectomy of the groin arteries or even infrainguinal bypass, to ensure postoperative graft patency. We have previously, in a comparative cohort study design in the same patient population, found a significant relative reduction of the composite events (all-cause mortality, graft occlusion and systemic morbidity) in patients with LABFB as compared to open ABFB, during a median follow-up time period of 4.12 years.[@b1-vhrm-13-169] This may be due to the less-invasive nature of the LABFB procedure. Recently, in a randomized controlled trial of LABFB and OABFB for AIOD, TASC II type D lesions, less postoperative inflammatory response as well as reduced perioperative stress response were found in patients with LABFB.[@b24-vhrm-13-169],[@b25-vhrm-13-169] Improvement in the quality of life in the patients found in this study after LABFB also adds to the collective evidence of the effectiveness of LABFB.

Positive impact of smoking on the physical domains of SF-36 in this study is an interesting finding. Although we do not have exact explanation for this finding, smoking might have played a role; 74% of the patients in this study were smokers and might have had a lower preoperative HRQL than nonsmokers, and most of them (80%) had stopped smoking during the postoperative survey time period. These factors also probably played a role in a comparatively small improvement in MH scores at 1 and 3-month postoperative survey time points ([Figure 1](#f1-vhrm-13-169){ref-type="fig"}).

The limitation in walking ability has its impact both on physical and emotional health of the patients.[@b10-vhrm-13-169] We also found a significant improvement in the postoperative mental health components of the SF-36 survey, namely, MH, RE and SF. The summary scores, PCS and MCS, showed the same trend in the postoperative improvement in HRQL, as in the case of our findings with the individual domains of SF-36. Our estimations did not show any extreme PCS and MCS scores at any time point.[@b26-vhrm-13-169]

The limitations of our study are the small sample, non-comparative design, single-center prospective cohort and nonrandomized design. Another limitation is the use of a generic HRQL tool instead of a disease-specific tool. We chose this generic tool for the simple reason that it was both translated into Norwegian language and validated for the Norwegian population. We had no available disease-specific HRQL tool translated and validated for the patients with peripheral arterial disease at the time this study was conducted. The strengths of the study are the novelty of the study population and the low rates of missing data.

Laparoscopic aortic surgery has been introduced with the aim of reducing the operative burden due to its minimally invasive nature as compared to the open surgery, but at the same time offering the same short- and long-term patency as with OABFB.[@b27-vhrm-13-169] Patients' perceived HRQL impact of a disease and its treatment is essential in evaluating the burden of a disease and effectiveness of a treatment.[@b11-vhrm-13-169]

Patient-reported outcome measures are central in the economic evaluation of new techniques and may help caretakers to make decisions about the choice of treatment.[@b11-vhrm-13-169] Our findings should be further examined and verified in the future, preferably in a randomized controlled trial.

Conclusion
==========

Patients operated with LABFB for the treatment of AIOD, TASC type D lesions have significant improvement in the postoperative self-assessed quality of life.
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![Changes in the scores (observed mean values) of individual domains in the SF-36, in 50 patients before and after laparoscopic aortobifemoral bypass for the treatment of aortoiliac occlusive disease (Trans Atlantic Inter-Society Consensus II, type D lesions).\
**Notes:** Changes in summary scores PCS and MCS are also illustrated. The vertical bars represent 95% confidence interval.\
**Abbreviations:** BP, bodily pain; GH, general health; MCS, mental component score; MH, mental health; PF, physical functioning; PCS, physical component score; RP, role limitations due to physical problems; RE, role limitations due to emotional problems; SF, social functioning; SF-36, Short-Form 36; VT, vitality.](vhrm-13-169Fig1){#f1-vhrm-13-169}

###### 

Clinical characteristics of 50 patients operated with LABFB

  Variables                               LABFB, N=50
  --------------------------------------- --------------------------------------------------------------
  Age in years                            62 (59--67)[a](#tfn1-vhrm-13-169){ref-type="table-fn"}
  Gender: female/male                     23/27
  BMI                                     24.2 (22.8--25.7)[a](#tfn1-vhrm-13-169){ref-type="table-fn"}
  Hypertension                            38 (76%)
  CHD                                     17 (34%)
  Dyslipidemia                            30 (60%)
  Diabetes mellitus                       6 (12%)
  Tobacco use                             37 (74%)
  ASA category 3                          36 (72%)
  COPD                                    14 (28%)
  Prior vascular intervention/operation   22 (44%)
  Run-off artery stenosis/occlusion       21 (42%)
  Prior laparotomy                        14 (28%)
  Concomitant operation                   35 (70%)

**Note:**

Median and interquartile range.

**Abbreviations:** ASA category 3, the American Society of Anesthesiologists category 3; BMI, body mass index; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; LABFB, laparoscopic aortobifemoral bypass.

###### 

Scale reliability and homogeneity estimates of SF-36 response at all time points (preoperative, 1, 3 and 6 months postoperatively) in 50 patients operated with laparoscopic aortobifemoral bypass for TASC II type D lesions

  Scale                  Number of items   Cronbach's alpha
  ---------------------- ----------------- ------------------
  Physical functioning   10                0.937
  Role physical          4                 0.897
  Bodily pain            2                 0.848
  General health         5                 0.778
  Vitality               4                 0.867
  Social functioning     2                 0.867
  Role emotional         3                 0.857
  Mental health          5                 0.800

**Abbreviations:** SF-36, Short-Form 36; TASC, Trans-Atlantic Inter-Society Consensus.

###### 

Results of the linear mixed-effect regression analysis (univariate and multivariate) of the physical component of the SF-36, PF, at 1, 3 and 6 months after laparoscopic aortobifemoral bypass of 50 patients for aortoiliac occlusive disease, TASC II, type D lesions

  Time                                       Univariate   Multivariate                                      
  ------------------------------------------ ------------ --------------- ------- --------- --------------- -------
  **Time, preop**                            **Ref**                              **Ref**                   
  1 month                                    41.6         35.33, 47.82    0.001   41.5      35.17, 47.77    0.001
  3 months                                   52.0         44.96, 58.97    0.001   51.9      45.01, 58.75    0.001
  6 months                                   52.6         45.14, 60.09    0.001   52.1      44.86, 59.38    0.001
  Smoking (yes vs no)                        7.5          −0.97, 15.96    0.082   8.1       1.12, 15.18     0.023
  Blood loss (dL)                            −0.9         −1.35, −0.43    0.001   −0.8      −1.17, −0.32    0.001
  Concomitant operation (yes vs no)          −10.9        −18.59, −3.20   0.01    −9.8      −16.54, −2.98   0.005
  ASA (category 3 vs category 1+2)           −6.1         −14.21, 2.03    0.141                             
  Length of hospital stay (days)             −0.5         −1.00, −0.05    0.030                             
  Aorta clamping (minutes)                   0.14         −0.03, 0.31     0.107                             
  Age (years)                                −0.2         −0.73, 0.37     0.516                             
  Gender (male/female)                       0.4          −7.25, 8.10     0.914                             
  Operation time (minutes)                   0.03         −0.10, 0.04     0.464                             
  Prior vascular operation or intervention   3.5          −4.13, 11,17    0.367                             

**Abbreviations:** ASA, the American Society of Anesthesiologists category; PF, physical functioning; Ref, reference; SF-36, Short Form-36; TASC, Trans-Atlantic Inter-Society Consensus.

###### 

Results of the linear mixed-effect regression analysis (univariate and multivariate) of the physical component of the SF-36, role physical, at 1, 3 and 6 months after laparoscopic aortobifemoral bypass of 50 patients for aortoiliac occlusive disease, TASC II, type D lesions

  Time                                       Univariate   Multivariate                                      
  ------------------------------------------ ------------ --------------- ------- --------- --------------- -------
  **Time, preop**                            **Ref**                              **Ref**                   
  1 month                                    50.1         38.83, 61.39    0.001   49.9      38.64, 61.12    0.001
  3 months                                   66.65        54.60, 78.71    0.001   66.5      54.33, 78.75    0.001
  6 months                                   59.3         46.62, 72.10    0.001   59.0      46.10, 71.90    0.001
  Smoking (yes vs no)                        14.31        −0.10, 28.72    0.052   15.6      3.01, 28.25     0.01
  Blood loss (dL)                            −1.0         −1.79, −0.11    0.027                             
  Concomitant operation (yes vs No)          −21.57       −34.37, −8.76   0.001   −20.5     −33.12, −7.88   0.001
  ASA (category 3 vs 1+2)                    −13.8        −27.39, −0.11   0.048                             
  Length of hospital stay (days)             −0.4         −1.19, 0.47     0.390                             
  Aorta clamping (minutes)                   0.1          −0.21, 0.38     0.576                             
  Age (years)                                −0.01        −1.0, 1,0       0.983                             
  Gender (male/female)                       0.8          −12.36, 14.00   0.903                             
  Operation time (minutes)                   −0.1         −0.18, 0.06     0.350                             
  Prior vascular operation or intervention   3.3          −9.93, 16.48    0.627                             

**Abbreviations:** ASA, the American Society of Anesthesiologists category; Ref, reference; SF-36, Short Form-36; TASC, Trans-Atlantic Inter-Society Consensus.

###### 

Results of the linear mixed-effect regression analysis (univariate and multivariate) of the physical component of the SF-36, bodily pain, at 1, 3 and 6 months after laparoscopic aortobifemoral bypass of 50 patients for aortoiliac occlusive disease, TASC II, type D lesions

  Time                                       Univariate                  
  ------------------------------------------ ------------ -------------- -------
  Smoking                                    3.3          −6.72, 13.31   0.519
  Blood loss (dL)                            −0.6         −1.18, −0.04   0.035
  Concomitant operation (yes vs no)          −6.7         −16.11, 2.64   0.159
  ASA (category 3 vs category 1+2)           −1.8         −11.40, 7.76   0.710
  Length of hospital stay (days)             −0.4         −0.91, 0.20    0.205
  Aorta clamping (minutes)                   0.02         −0.18, 0.21    0.867
  Age (years)                                0.3          −0.37, 0.90    0.417
  Gender (male/female)                       2.1          −6.75, 10.90   0.645
  Operation time (minutes)                   0.03         −0.05, 0.11    0.465
  Prior vascular operation or intervention   4.5          −4.32, 13.34   0.317

**Abbreviations:** ASA, the American Society of Anesthesiologists category; SF-36, Short Form-36; TASC, Trans-Atlantic Inter-Society Consensus.

###### 

Results of the linear mixed-effect regression analysis (univariate and multivariate) of PCS at 1, 3 and 6 months after laparoscopic aortobifemoral bypass of 50 patients for aortoiliac occlusive disease, TASC II, type D lesions

  Time                                       Univariate   Multivariate                                    
  ------------------------------------------ ------------ -------------- ------- --------- -------------- -------
  **Time, preop**                            **Ref**                             **Ref**                  
  1 month                                    15.6         13.10, 18.10   0.001   15.5      13.00, 18.04   0.001
  3 months                                   20.3         17.10, 23.01   0.001   20.3      17.60, 22.94   0.001
  6 months                                   19.1         16.20, 21.90   0.001   18.9      16.11, 21.74   0.001
  Smoking (yes vs no)                        3.5          −0.10, 7.10    0.056   3.8       0.63, 6.88     0.02
  Blood loss (dL)                            −0.3         −0.53, −0.13   0.001   −0.3      −0.46, −0.09   0.004
  Concomitant operation (yes vs no)          −4.1         −7.40, −0.70   0.018   −3.7      −6.72, 0.69    0.016
  ASA (category 3 vs 1+2)                    −3.6         −7.01, −0.25   0.035                            
  Length of hospital stay (days)             −0.11        −0.32, 0.09    0.276                            
  Aorta clamping (minutes)                   0.02         −0.05, 0.09    0.596                            
  Age (years)                                −0.004       −0.24, 0.23    0.977                            
  Gender (male/female)                       0.7          −2.60, 3.93    0.689                            
  Operation time (minutes)                   0.002        −0.03, 0.03    0.903                            
  Prior vascular operation or intervention   1.8          −1.50, 5.01    0.289                            

**Abbreviations:** ASA, the American Society of Anesthesiologists category; PCS, Physical Component Score; Ref, reference; SF-36, Short Form-36; TASC, Trans-Atlantic Inter-Society Consensus.

###### 

Results of the linear mixed-effect regression analysis (univariate and multivariate) of MCS at 1, 3 and 6 months after laparoscopic aortobifemoral bypass of 50 patients for aortoiliac occlusive disease, TASC II, type D lesions

  Time                                       Univariate                  
  ------------------------------------------ ------------ -------------- -------
  **Time, preop**                            **Ref**                     
  1 month                                    2.2          −1.25, 5.70    0.209
  3 months                                   3.7          −0.10, 7.44    0.054
  6 months                                   4.4          0.40, 8.35     0.031
  Smoking (yes vs no)                        2.4          −1.97, 6.84    0.279
  Blood loss (dL)                            −0.3         −0.51, 0.004   0.054
  Concomitant operation (yes vs no)          −3.0         −7.19, 1.13    0.153
  Length of hospital stay (days)             −0.3         −0.50, −0.02   0.034
  Aorta cross-clamping (minutes)             0.1          −0.02, 0.16    0.126
  ASA (category 3 vs 1+2)                    −1.0         −5.25, 3.23    0.642
  Age (years)                                −0.03        −0.31, 0.26    0.852
  Gender (male/female)                       0.3          −3.61, 4.23    0.877
  Operation time (minutes)                   −0.02        −0.06, 0.01    0.231
  Prior vascular operation or intervention   0.6          −3.34, 4.53    0.768

**Abbreviations:** ASA, the American Society of Anesthesiologists category; MCS, Mental Component Score; Ref, reference; SF-36, Short Form-36; TASC, Trans-Atlantic Inter-Society Consensus.
